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contaminant of tricresyl phosphate which is widely used as industrial oils, plasticizers , lubricants and fuels (Patty 1963) . Thus, exposure can occur in manufacturing aryl phosphates through inhalation and skin contact as well as ingestion of contaminated food (Tabershaw and Kleinfeld 1957, Patty 1963) . It has also been of concern to those working with these cresyl containing compounds such as workmen on aircraft hydraulic systems (Baldrid ge et al .
1959, Patty 1963). It is a continuous health h azard because
contamination can occur at any point in shipping and handling of these compounds.
TOTP is a compound which closely resembles organophosphate pesticides. This makes TOTP doubly important not only as an environmental contaminant , but aS an experimental compound to investigate the toxic effects of phosphate pesticides.
Pesticides occupy a unique position among the many chemicals man encounters daily, in that they are deliberately added to the environment to kill or injure some form of life . Ideally, their actions would be highly specific for undesirable organisms .
However , most of the chemicals that are used as pes ticides are not highly specific and are generally t oxic to many non-target organisms, including man . The mortality rate of man attributed to poisoning by pesticides has been est imat ed at 0.65 per million population in the United States, but it has also estimated that there are 100 nonfatal poisonings for each fatal one. Organophosphate pesticides are widely used and their property of relatively rapid degradation in the environment encourages even wider use as replacements for the more persistant organochlorine compounds.
The primary mode of toxic action of all organophosphorus pesticides, to a large degree, has been attributed t o the inhibit ion of cholinesterase enzymes . The immediate cause of death in fatal poisonings being asphyxia resulting from respiratory failu · re .
However, certain pesticide and related organophosphate compounds, including TOTP, possess an additional toxic effect . This effect is characterized by nervous system lesions that result in a form of paralysis which usually appears one to two weeks following exposure.
Previous studies have concentrated on esterase inhibition in attempting to elucidate the mechanism of action . To date, no mechanism has been proposed which satisfactorily accounts for the neurotoxic synd~ome~ Many studies have been done using TOTP concentrating on neurotoxicity and metabolism , but relatively little has been done concerning the immunological effects. The widespread use of organophosphate chemicals as pesticides and industrial compounds has created much concern as to their possible chronic as well as acute effects on the immunologic response of the exposed individuals .
It has been suggested th at neurotoxic effec ts of chemicals may be related to an autoimmune phenomenon (O'Brien 1967) . The involvement of autoimmunity in TOTP induced neurotoxicity in chickens was studied by Watanabe and Sharma (1977) , Th eir results failed to demonst r ate primary involvement of an autoimmune nature .
An increase of chicken lymphatic filtration areas in spleen and liver was reported by Watanabe and Sharma (1976) but other organs did not show a similar response when exposed to TOTP. Also both total plasma levels and gamma-globulin:a l bumin ratios were greater in treated animals which suggests an i mmunological stimulation .
However , there was no indication of any specific antib ody present in plasma or organs (Watanabe and Sharma 1976) .
The effects of chemicals on the immune system can be very damaging . Chemicals can produce autoantibodies which can produce dysfunction to parts of the body, or they may cause a malfunction in the normal antibody producing cells , thus greatly reducing the defense mechanisms of the body. The potential for inmunological reactions due to exposure to these environmental and industrial chemicals exists . The immune system is a sensitive index of chronic toxicity, and should be considered in the toxicological evalUation of these chemicals.
REVIEW OF LITERATURE
Tri-o-tolyl phosphate has been widely used to study the delayed neurotoxici~y produced by certain organophosphate compounds. Based on the LD50, the anti-esterase TOTP metabolites were reported to cause paralysis at lower concentrations than TOTP in both mice and chickens (Bleiberg and Johnson 1965) . This raises the question of whether unmetabolized TOTP is capable of producing paralysis without prior metabolism in other organs. Watanabe and Sharma (1975) 
Toxic Effects
Distribution data obtained from an earlier study involving TOTP indicates significant accumulation of TOTP in the nervous tissue of the chicken. Further, the concentration is these tissues increased throughout a period of two weeks. The general trend in other tissues was to increase over 3-4 days then decline (Watanabe and Sharma 1973) .
TOTP has been shown to potentiate the eff ects of othe r compound s such as malathion (Murphy e t al . 1959) . TOTP mark edly i ncreased the s usceptibilit y of rats to malathion regardless of route of admini stration which is exp l ainab l e on th e basis of subsequent exper i ments which demonstrate th a t TOTP inhibits detoxification of mala thion.
The hydrolysis of ac r ylate esters a nd acrylic acid in rat plasma and liver homogenates was significantly inhibit ed by treatme nt with TOTP . Apparently tissue carboxyes t e r ases are invol ved in the de t oxifica tion of methyl ac ryl a te and e thyl acrylate a nd that potentiation of acrylate es ter toxicity may occur when carboxyes t erase activity is inhibited (Silver and Murphy 19 78) .
Animal Studies
Laboratory ani mals also s how delayed paralys i s of the upper and lower extremities. Mice were reported to be 1 /5 t o 1 /25 as susceptable to TOTP as cats , dogs, rabbits, e t c ., with a LD50 dose of 2.8 ml pe r kg body weight (Hodge and Sterner 1943 in the spina l cord (Bischoff 1959) . This pattern of de genera tion has come to indicate that a "dying back" process is occurring in these axons, and this is basically similar to certain distal degenerative condi tions long recognized in man. It is assumed that in the "dying back" process there is a malfunction of the nerve cell that causes it to fall in maintaining its enormously long axon due to disturbed metabolism. Thus nutrients are not synthesized and transported at a sufficient rate to maintain the long axon of the peripheral nerves. It is also assumed that the metabolic process is disturbed to some degree in all nerve cells, but, with the doses of agent used or possible, the degree of disturbance is such as to impair the survival of only those fibers with the greatest demand for the maintenance process (Cavanagh 1969 (Cavanagh 1969 within 10 to 14 days after drinking the extrac t. Early symptoms in cluded cramping muscular pain in the legs, followed by weakness.
In most victims, quadriparesis and often frank quadreplegia with foot and wrist drop developed. Examin a tion usually showed muscular weakness and wasting, with flaccidity and hypoactive reflexes most noticeable in the feet and legs; however, the r e were often diminished reflexes in the arms and hands. The typical syndrome was identified as a polyneuritis, sometimes called "motor neuri ti s "
because of the paucity of sensory findings (Morgan 1978 ). (Dennis 1977) .
A case of permanent paralysis in a man engaged in manufacturing tricr e syl phosphate was described by Bidstrup and Bonnell (1954) .
While the final product contained only 1 percent of TOTP, as much as 6-10 percent was present as a contaminant during manufacturing.
No exposure data was given, although the patient had worked a total of 5 months in that occupation before symptoms of anorexia, nausea, and aching of the legs had developed (Patty 1963) .
Related Phosphate Case Studies
There are several phosphate esters that produce delayed involved with the transportation of TEPP were investigated. Altho ugh there were several illnesses associated with this operation, the incidence 'vas considered quite low in view of the relative hazard (Wolfe et al. 1967 ). Immunologic Studies Involving TOTP Although many studies have been completed using TOTP concentrating on neurotoxicity and metabolism, relatively little has been done concerning the immunological effects. O'Brien (1967) suggested that neurotoxic effects of chemicals ma y be related to an autoimmunity phenomenon.
Great
In a previous study on the toxicity of TOTP in the chicken, histopathologic examination of various l ympha tic-r elated organs
showed a definite increase of diffuse l ympahtic tissue in th e spleen and liver of TOTP-treated a nimals. Othe r organs did not show a s i milar response. However, the r elative f r equency and distribution of diffuse lymphatic tis sue throughout the visceral organs were not uniform , which wo uld cause difficulty in any evalua t ion . In [his same s tud y both tota l plasma protein l evels and gamma-globulin:r a t ios were consisten t ly grea te r at all sampling periods in the TOTP-treated animals, compared with con tro l s (Watanabe and Sharma 1976) . The r esults presented , although sugges tive of an immunologic stimulation in the chicken, did not indicate the presence of any antibody against TOTP presen t in plasma or other organs (Watanabe and Sharma 1977) . 
Immunotoxicology and Enviromental Chemical s
There is no single immunologic test tha t can completely assess 125 r labeled albumin injected IP .
Delayed hypersensitivity, five animals/group were kill~d and feet collected for testing.
Lymphocyte transformation, five animals/group were killed and t issues collected for testing.
Lymphocyte transformation, five anima l s/group were killed and tissues r emoved for testing.
At the time of each kill the blood was co llected, cell counts The usual dose pe r mouse was 5.0 ~C i in 0.10 ml . The mice were killed 24 hours lat e r and the t est and cont ro l feet cut off at the junc t ion of the lower and middle t hirds of the tibia and counted in a gamma spectrometer (Abbott Laboratori es , Auto-lo gic 7407).
Results were expressed as the " foo t-count r atio": counts per minu t e
given by th e test food d ivided by counts per minute g iv en by the control fe e t (Vadas e t al. 1975 ).
Quantit ative Immuno electrophores is
Blood t a ken f rom animals that had been challenged with SRBCs The plates were immediately placed in the e l ec troph oresis cell (Mod el 1400 horizontal gel type , Bio-Rad Lab .) containin g TE~lliD buffer (pH 5) . Electrophoresis was cond uc t ed (toward th e ca thode)
for three hours (fast, 300 vol t) or over night (slow , 100 volts).
After e lectrophor esis , the gel pla t es were fi xed in 7 percent TCA for 15 minutes and the n washed in water for 5 minutes . The gels were then pressed for 10 minutes and dried thoro ugh l y. Dri ed gels were s t a ined with Amino Black for an ad ditional 15 minutes
and th e n decolorized for a few minute s in a destainin g solution .
Plates were then dried and rockets identified. Heights of the standard serum and test serum were compared and th e percent of standard for the test serum calculated.
Statistical Manipulation and Data Presentation
Lymphocyte transformation data is pr esented in tabular form as standard in relation to TOTP dosage level . All data was tested for significant changes fromthe control g roup s by using a twotailed Dunnett's t test (Dunnett 19 55) .
RESULTS
In mice, TOTP and TMTP exposure for 13 weeks produced no significant effects on growth, or weights of spleen, liver, kidney, and thymus (Table 1) . At the time of termination, several mice in the high dose level had a slight discoloration of the ears, tail, and feet as well as the internal organs. However, no significant difference was noted in any of the parameters tested.
Splenic Lymphocyte Cultures
Relative Proliferation and Stimulation Indices of lymphatic uptake of thymidine were calculated for spenic cultures using PHA, Ph'M, and LPS for mitogenic induction (Tabl" 2). The stimulation index showed an increase of thymidine uptake by only P~.JM at l~ weeks, there was a decrease at 8 and 13 weeks for both PHA and PWM but not
LPS.
The relative proliferation index indicated no significant change from the control for PHA (Figure 1) . PWM, however, showed a decrease at 8 weeks for the 500 mg/kg TOTP and 50 mg/kg TMTP, and at 13 weeks for all dose levels (Figure 2 ). LPS induction was affected only at the 4 week period fro the lm< and mid-dose levels ( Figure 3) . Thus an overall trend points toward a decrease in mitogenic stimulation as time of treament increases . 
.o~.;.;,_; 0.. Plaque forming ce l ls were ca l culated per million splenic cells (Table 3) . Because of relatively h igh standard error of the means no change was noted from the controls using Dunnett ' s test for significance .
Delayed Hypersensitivity
Dela yed hyper sen sitivit y inflammatory respo nse was test ed by use of radio isotopic l abel . Foot count ratio was tabulated by dividing the counts of the test foot with those of t he control foot . Results of this were negative with no significant difference from the contro l (Table 3) .
Quantitative Immunoelectrophoresis and Hematology
Serum immunoglobuline, IgA, IgG , and I gM in mice at different l evel s of TOTP exposure are shown in Table 4 . These were calcul ated as percent of pooled serum used as s t andard. The control serum was obtained from mice of th e same strain without treatment and pooled . No significantly differen t changes were noted in the treated groups as compared to th e control group .
No apparent change took place in whole blood erythrocy t e and l ymphocyte count s as shown in Table 5 .
There was an increase in
REGs at the mid do se l eve ls of TOTP and also TNTP af t er 1 week a nd at the mid dose level of TOTP after 13 weeks . No change wa s fou nd in the whit e ce ll count at any dosage or t ime interval. Standard error of the mean in parenthesis. M = TMTP. Murphy 1978 , Smith and Lillie 1931 , Cavanagh 1969 , O'Brien 1967 .
This project ><as undertaken to study the effects of TOTP on the ability of lympahtic cells to proliferate and produce antibodies. A 90-day oral administration to TOTP up to 500 mg/kg in mouse produced no effect on growth rate or organ weight of the animals.
Splenic lymphocytes were cultured in vitro with three known mitogens for 52 hrs, and their ability to proliferate measured by addition of radioisotope labeled tymidine. TOTP had relatively lit tel effect on the lymphocytes when stimulated ><i th PHA. Hm;ever, at both 4 and 13 weeks the P\VM and LPS assays indicated that TOTP at all doses and especially the mid and high levels caused a suppression of lymphocyte activity. TMTP had only slight suppressive action according to PWM . Although this action was non-specific and not dose related it coincides with an earlier study done by Watanabe and Sharma (1976) where lymphocytic tissue was noted to be more diffuse after treatment with TOTP in the chicken.
The results of the plaque formation study showed no significant trends for the various treatment groups which suggested that lymphatic activity was not affected by TOTP . Likewise, the delayed hypersensitivity test showed similar results in that no significant relationship was seen between doses of TOTP and in foot count ratios .
Therefore, the hypersensitivity reaction does not appear to be affected by this organophosphate compound. It was reported by Watanabe and Sharma (1976) that plasma protein levels and gamma- 
Exposure to certain environmental contaminants has resulted
in marked effects on antibody synthesis (Koller et al. 1974 (Koller et al. , 1975 . In a recent study by Koller et al. (1976) leptophos was shown to cause organophosphate poisoning, but did not significantly alter antibody formation to a specific antigen (SRBC). Primary and secondary immune responses were tested for by the hemolytic plaque assay, therefore leptophos apparen t ly does not interfere with the humoral tissue system. Several organophosphate pesticideshave been r eported to affect the immune system . Rats exposed to methylnitrophos, chlorophos, and triufon were reported to have decreased hemagglutination titers , complement levels (Shtenberg et al. 1974) , and size of splenic lymphoid follicles (Dinoeva 1974) . Follo"'ing exposure to anthio the ability of neutrophils to phagotcytize was diminished in goats (Aripdzhanov 1973) . Methylparathion (Street and Sharma 1975) decreased the number of globulin producing cells in the popiteal lymph nodes of rabbits but had no effect on the hemolysis of hemagglutination titer to SRBC antigen. Conflicting data In conclusion, at the dose levels used in this study, TOTP produced no significant effects on the immune system of mice as determined by several in vitro assays of immunocompetence . Organophosphate poisoning was evident by moderate discoloration and scruffy appearance of mice that received 500 mg/kg TOTP. This was interpreted to be clinical signs of organophosphate stress .
SUMMARY
Male Swiss Webster mice exposed to 5 , 50 , 500 mg/kg TOTP and 50 mg/kg TMTP for 13 weeks showed no significant difference in body and organ weights in relation to dosage and time of treatment.
Splenic lymphocytes (obtained at 1, 4, 8 , and 13 weeks) cultured in vitro with mi t ogens PHA, PWM, and LPS showed a stimualtion for all dose levels at 4 weeks . Thereafter a suppression was observed especially with PWM and L~S stimu~ated cult~res . Although t her e was a definit e suppressive trend at 8 and 13 weeks it Has not dose related and not all<ays statistically significant and therefore non-specific .
Other parameters tested; plaque formation by splenic cells, delay ed hyp ersensitivity, and immunoelectrophoresis , showed no significant changes f rom th e control groups .
Thus at the treatment levels used, TOTP , produced no significant effects on the immune system of mice as determined by these in vivo and in vitro assays of immunocompetence .
